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(57) Abstract 

A method and a system 
for non-invasively determining at 
least one main cardiorespiratory 
parameter of an individual, such 
as the Stroke Volume, at least 
one parameter characterizing 
balance of the extracellular fluid 
in the body (such as the Index 
Balance), and for diagnostics of 
blood circulatory problems and/or 
failures of cardiac functions. 
The method for determining the 
main cardiorespiratory parameter 
comprises the steps of attaching 
at least two electrodes to the 
individual's body in a manner 
enabling to obtain electrical 
bioimpedance measurements 
of the whole individual's 
body, passing an alternating 
current with a stable and 
constant amplitude through the 
electrodes, measuring the integral 
bioimpedance as the result of 
the current flow; simultaneously 
separating an active component 
from the integral bioimpedance; 
calculating the cardiorespiratory 
parameter of the individual from . . 
the obtained active component, using an empiric formula applicable to integral bioimpedance measurements. The calculation is based on 
obtaining a number of values of the parameter for a number of cardia cycles during a respiratory cycle, and computing an average of the 
cardiorespiratory parameter during a single respiratory cycle. 
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Method and System for Non-Invasive Determination of 
the Main Cardiorespiratory Parameters of the Human Body 



FIELD OF THE INVENTION 

The present invention relates to non-invasive cardiac and 
respiratory monitors, more particularly, to such systems for determining 
cardiac and respiratory performance using electrical bioimpedance measure- 
5 ments. 

BACKGROUND OF THE INVENTION 

U.S. Patent No. 5,469,859 discloses a non-invasive method and 

device for determination of the main cardiovascular parameters of a patient's 
10 body. In this method two or four electrodes are applied to the patient's body 

in a manner enabling the measurement of total body (integral) bioimpedance. 

High stability amplitude alternating current is passed through the body by 

the electrodes to allow the obtaining of an integral impedance curve and 

derivation therefrom of an active (resistive) component. The cardiorespirato- 
15 ry parameters of the body are calculated from the active component, using 

an empiric formulae, with the calculation being based on the average data 

obtained during a respiration cycle. 

OBJECT OF THE INVENTION 

20 It is an object of the present invention to provide an improved, 

more accurate non-invasive electric bioimpedance measurement (EBM) 
method and system for the determination of the main cardiorespiratory 
parameters of the human body and for diagnosis of diseases or malfunctions 
of the cardiorespiratory and of the blood circulation system. 
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SUMMARY OF THE INVENTION 

The invention provides by a first of its aspects, a non-invasive 
method for determining the main cardiorespiratory parameters of an 
individual. In accordance with this aspect, electrodes are applied to at least 
5 two of the individual's arms and legs, a high stability amplitude alternating 
current is injected through the electrode into the body, and an impedance 
curve is thus obtained. An active (i.e. resistive) component is then separated 
from the impedance and by employing an empiric formula applicable to 
integral bioimpedance measurements, cardiorespiratory parameters of the 

10 individual are calculated from said active component. By differentiating 
measurements of these parameters between electrode attachments on 
different extremities (arms or legs) blood circulation problems and other 
diseases may be diagnosed. 

More specifically, in accordance with a first aspect of the 

15 invention, there is provided a method for non-invasively determining at least 
one main cardiorespiratory parameter of an individual, comprising the steps 
of: 

attaching at least two electrodes to the individual's body in a manner 
ensuring a low impedance contact between the electrodes and the individual's 
20 skin, and positioning the electrodes so that current which passes between the 
at least two electrodes flows between at least one arm or at least one leg to 
at least another arm or at least another leg of the individual; 

passing an alternating current with a stable and constant amplitude 
through said at least two electrodes and at the same time, measuring the 
25 potential change as the result of the current flow, whereby an electrical 
bioimpedance measurement of the individual's body from the measured 
potential between the said at least two electrodes is obtained; 

simultaneously separating an active component from said 
bioimpedance; 

30 calculating the at least one cardiorespiratory parameter of said 

individual from the active component of said bioimpedance, using an 
empiric formula applicable to integral bioimpedance measurements, in such 
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a manner so as to obtain a number of values of said at least one parameter 
for a number of cardiac cycles during a respiratory cycle, and calculating an 
average of said at least one parameter during a single respiratory cycle; and 
displaying the average cardiorespiratory parameters thus obtained. 
5 Owing the particular mode of averaged calculation of the 

cardiorespiratory parameter during a respiratory cycle as defined in the 
above method, it improves accuracy of measurements provided according to 
the method disclosed in the prior art. This mode will be further explained 
and illustrated below with reference to one of the attached drawings (Fig. 1) 
10 It has also been found by the inventors, that the step of separating 

an active component from the measured bioimpedance curve enables to 
calculate, with high accuracy, the main cardiorespiratory parameters of an 
individual even if this curve is not the integral bioimpedance curve of the 
total body (i.e. not the measurement across the whole individual's body). 
15 Moreover, owing to the high accuracy of the new method it may 

be successfully performed not only for determining the main cardiorespira- 
tory parameters, but also for specific diagnostic purposes using "arm-leg", 
"arm-arm" and "leg-leg" electrode placements and comparing the respective 
measurements, as will be described later on. 
20 The basic hemodynamic parameter Stroke Volume (SV) may be 

calculated according to the following semi-empiric formula applicable to 
integral bioimpedance measurements: 

SV = Hct «" • 6r * * Kel * Kw * IB d> 

K(shape*sex*age) R P 

25 where: 

Hct corT a correcting factor depending from Hematocrit, being 

145 + 0.25(Hct - 40); 
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Hct Hematocrit, obtained from the blood analysis of the 

individual; 

K(shape*sex*age) a coefficient of the individual's body, being: 
men younger than 20 years old women younger than 18 years old 
= 527.3 -(3.1 * (Actual Age -20)); = 587.6 -(2.9 * (Actual Age -18)); 
men from 20 to 40 years old women from 18 to 50 years old 

= 527.3; = 587.6; 

men older than 40 years old women older than 50 years old 

= 527.3 + (3.1 * (Actual Age -40)); = 587.6 + (2.9 * (Actual Age -50)); 

<W/? the ratio characterizing the measured active bio- 

impedance component's change, (5r, with respect to the 
individual's body resistance R 

& r the amplitude value of the change of the individual's 

body basic resistance R on the anacrotic (systolic) 
portion of a cardiocycle. 

20 R basic resistance of the individual's body during one 

cardiocycle. 

Hcorr. the corrected height of the patient, given by: 



*«r-(*-*2) if legs length = o.66±0.04 

body length 



15 



or 

"corr = (H real - 2) if legs length = 054±QM (2) 

body length 
or 

- ^ 0.62 , * 0.58 

body length 



25 cc + ft duration of a cardiac cycle, being a sum of its 

anacrotic and catacrotic parts; 
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f} duration of the catacrotic part of a cardiac cycle; 

Kel coefficient of electrolytic ions in the individual's 

blood, calculated based on the blood analysis and 

being given by: 

a) for an individual exposed to a hemodialysis 

Kgl m (Na+ + K+ + Mg* + Ca*) (mmol/1) (3) 
6 142 + 13 (mmol/1) 



b) for other individuals 



10 



IB 



15 



m (Afa») (mmol/1) 
142 (mmol/1) 



(4) 



the weight coefficient, being 



Actual weight 
Ideal weight 



* (according to the International Tables of ideal weights) 
Index Balance, reflecting ratio between the measured 
volume of extracellular fluids and the individual's proper 
volume of extracellular fluids. This is calculated on the 
basis of a formula for the "ideal content of body water", 
adapted from Kushner, R.T. et ai, (Amer. J. Clin. Nutr., 
44:417-424, 1986): 



IB = 



R individual's proper 
R measured 



(5) 



20 where: R measured 



the individual's active (resistive) component 
of the bioimpedance measured either by 
tetrapolar mode, or by bipolar mode with 
correction to the individual's skin resis- 
tance. 
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In accordance with the invention, R individual's proper is 
calculated according to the two following formulae: 

0.42 H 2 



0.47 W - 8.30 



for men 



(6) 



0.42 H 2 



0.37 W - 4.96 



for women 



where H - the individual's height 
W - the individual's weight 

The above described novel equation (1) demonstrates that 

10 individual differences in bioimpedance of a specific human body can be 
considered by correcting the formula according to the particular features of 
the individual's body. 

The electrodes may, in principle, be attached to any portion of the 
individual's extremities, and preferably to distal parts thereof. 

15 The method in accordance with the invention can be carried out 

either in a bipolar or a tetrapolar mode. In accordance with a bipolar mode 
of carrying out the invention, at least two electrodes are utilized, wherein 
any electrode attached to an arm or a leg is used both for current injection 
and voltage measurement. In accordance with a tetrapolar mode of carrying 

20 out the invention, at least four electrodes are utilized; different electrodes are 
used for current injection than those which are used for voltage measure- 
ment. Thus, in accordance with the latter mode of the invention, the arm 
or leg under examination is typically fitted with two electrodes, the current 
injection being between a first pair of electrodes located each on a different 

25 arm or leg, and the voltage is measured by a second pair of electrodes, 
located on same, respective, arm or leg. 

When performing the bipolar mode of the invention, two 
electrodes are usually utilized. Where two electrodes are being used they 
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are typically attached, one to an arm and the other to a contralateral leg. 
However, it is possible to determine the main cardiorespiratory parameters 
by attaching the two electrodes to the two arms of the individual, to the two 
legs, or to one arm and one semi-lateral leg. Although the attachment of 
5 one electrode to an arm and the other to a contralateral leg is preferred, the 
other mode of attachments may at times be used where an arm or a leg are 
diseased in a manner which avoids attachment and/or obtaining accurate or 
reliable readings. 

In accordance with another embodiment of the bipolar mode of 
10 the invention, two electrodes connected to one another are attached to each 
of the individual's arms, and another two electrodes, again connected to one 
another, are attached to each of the individual's legs. In accordance with 
this embodiment, the current in injected in parallel between the two arms 
and the two legs and the voltage is simultaneously measured also between 
15 the two arms and the two legs. 

All the electrode's placements described above for the bipolar 
mode may be applied also for the tetrapolar mode (the difference being in 
that rather than a single electrode at each site, there will be two such 
electrodes in accordance with the tetrapolar mode). 
20 It is important, that the skin resistance of an individual may differ 

from time to time and the different skin resistances may have an effect on 
the measured results. In order to measure skin resistance, in accordance 
with a second aspect of the invention, an auxiliary pair of current injecting 
electrodes is used in addition to the standard pair of current injecting 
25 electrodes applied in accordance with the bipolar mode described above, and 
constituting also the voltage measuring electrodes. The auxiliary current 
injecting electrodes are attached so that each one of the pair of such 
electrodes is placed at a certain distance, e.g. about 4 cms., away from the 
respective standard electrodes. For example, where the standard electrodes 
30 are placed one attached to an arm and the other attached to a contralateral 
leg, the auxiliary current injecting electrodes will be placed on the same 
arms and legs, a certain distance from the standard electrode pair. 
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Typically, the auxiliary electrodes will be placed to be more distal than the 
standard electrodes. 

In accordance with this second aspect, current will first be passed 
through the standard electrodes and voltage will be measured by the same 
5 standard electrodes. Current will then be passed through the auxiliary 
electrodes and voltage will be measured again between the standard 
electrodes, the difference in measured voltage being accountable for the skin 
resistance. 

In other words, the standard measurement is made by utilizing the 
10 bipolar mode, but for the auxiliary measurement the tetrapolar mode is used, 
in which the electrodes utilizing the bipolar mode serve then for voltage 
measurement only. Thus in a skin resistance measurement, there will 
typically be a combination of the bipolar and tetrapolar modes. 

The skin resistance in a combined bipolar/tetrapolar measurement 
15 mode as described above, is thus determined by the following formula: 

is the skin resistance, i.e. resistance between the 
current injection electrode and the skin in the 
bipolar mode, 

is the individual's resistance measured between 
two electrodes according to the bipolar mode, 
and 

is the resistance measured in the same individual 
when applying the tetrapolar mode. 

When using the bipolar mode, the measured active component of 
the individual's bioimpedance, which forms a basis for the calculation of 
main cardiorespiratory parameters, constitutes R r Since the value of skin 
30 resistance R s may vary during the measurements, the value of the measured 



wherein 

20 

Ri - 
R2 - 
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resistive component should be adjusted, so as to reduce the error of 
measurement. 

Moreover, the skin resistance may have also a separate diagnostic 
significance. 

5 The general approach in the art, for example that of Lukaski, et 

ai, (The American Journalof Clinical Nutrition, 41:810-817, 1985) states 
that various configurations of electrode's placement (i.e., arm-leg, leg-leg, 
arm-arm) do not substantially affect results of whole body EBM measure- 
ments, more particularly, measurements of the resistive component R of the 

10 bioimpedance. However, when carrying out the method of the invention, it 
was found that results obtained at different electrodes' configurations may 
be somewhat different from one another, and therefore by comparison of 
such different results, it is possible to obtain information having a diagnostic 
significance. 

15 For example, where the parameters are obtained by measuring 

between an individual's two arms (an "arm -arm "placement), the readings 
obtained are influenced primarily by the pulmonary circulatory system and 
functions of the individual's right ventricle. When the parameters are 
obtained by an "arm -leg "placement, the results will characterize a systemic 
20 circulation (represented mainly by the aorta) and thus will reflect functions 
of the individual's left ventricle. 

As will be appreciated, in a healthy individual, the results 
obtained with the mentioned two electrode's placements (arm-arm and 
arm-leg) will be substantially the same. However, at different pathological 
25 situations, particularly where the individual has certain cardiorespiratory 
diseases, there will be a difference between the results obtained at the two 
electrode placements and such differences, possibly with the aid of 
additional measurement as will be detailed below, may be used to diagnose 
the cite and type of the disturbance. 
30 The above-mentioned differences may be correctly detected and 

interpreted where the individual's extremities to which the electrodes are 
attached, do not have blood circulation problems. Thus, in order to allow 
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proper interpretation of such results, errors which may be introduced by 
disturbances in the peripheral blood circulation, should be excluded. The 
following is an example of the sequences of steps to exclude such errors and 
to allow a preliminary functional diagnosis of such disturbances. However, 
5 it should be appreciated, that the same sequences of steps also represent 
independent methods of functional diagnosis of blood circulation. 

Step 1: Examination of the peripheral blood circulation 

For examination of the peripheral circulation, parameter P, 
10 represented by the following equation (8) (see below) and forming part of 
the equation (1) can be chosen: 



P = 6r H2corr * «L±£ (8) 

R P 



Alternatively, or in addition, portions of the equation (8) may be 
15 used as parameters P„ P, or P 3 represented by the following 
formulae (9-11): 

= f (9) 



p 2 = al™iL do 



p 3 = (id 



20 The peripheral circulation, i.e. the circulation in the arms and legs 

is checked using the basic "leg-leg", "arm-arm" and "arm-leg "connectivity 
configurations together with an addition connectivity configurations, which 
include measurement between pairs of electrodes, one situated at a distal part 
of an arm or leg and the other on the shoulder or hip. 
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The readings of P and which are obtained using the "leg- 

leg" configuration are characteristic primarily of the individual's peripheral 
blood circulation (i.e., without the aorta and the pulmonary arteries). Where 
the above mentioned parameters obtained in a "/eg-/eg"electrode placement 
5 are substantially different from the ones obtained by the "arm-arm "and 
"ami-leg" placements, this may be indicative of peripheral circulatory 
problems, mainly such associated with an individual's legs. 

In order to reveal a circulation related pathology in the leg, a pair 
of additional electrodes may be attached to the individual's hips, to provide 
10 EBM measurements between the distal parts of the leg and the hip for each 
leg. Values of P and ?, to P 3 which are obtained for both legs, may then 
be compared to one another and with the value of the proper P and proper 
Pj to P 2 , for the individual (i.e. values for these parameters which are 
obtained with R proper - see equation (6). 
15 a pathologic arm may be diagnosed in an analogous manner 

applying additional electrodes to the shoulders of the individual, obtaining 
readings of P and P^Pj, and processing thereof, in a similar manner as in 
the leg. 

In order to measure the Stroke Volume parameter (SV), either 
20 one of the above-noted "arm -arm "and "leg-arm "connectivity configura- 
tions may be used. However, in order to allow derivation of left ventricle 
Stroke Volume and right ventricle Stroke Volume, a more complicated so 
called "arm -arm-leg" connectivity configuration is required to obtain a 
multi channel bioimpedance measurement, i.e., "arm -arm "and "arm -leg" 
25 measurements are typically performed by automatic multiplexing. In order 
to obtain such multi channel measurement, it is thus necessary that the two 
arms of the individual will be healthy and that the individual will have at 
least one healthy leg (it should be noted that conditions where individuals 
have arms with circulatory problems, are very rare). 
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In order to obtain measurements characterizing left ventricle and 
right ventricle functions, the method can then be accomplished according to 
Step 2 described below. 

5 Step 2: Examination of left ventricle and right ventricle functions 

If no pathology has been revealed in the peripheral circulation, 
the parameters (such as the Stroke Volume (SV) and the Index Balance 
(IB)), for the systemic circulation, and the ones for the pulmonary 
circulation, may be compared in order to define whether there is any 

10 pathology in the left or right ventricle's functions. This is based on the fact 
that various heart pathologies cause redistribution of the blood between the 
systemic and the pulmonary circulatory systems. 

In general, when the value of SV measured in the "arm-arm" 
placement is substantially equal to that measured by the "arm-leg" 

15 placement, functions of the left and right heart ventricles are considered to 
be in order. Imbalances may be caused by various reasons and can be 
classified as is suggested below. 

For example, a temporary imbalance occurs whenever the right 
ventricle pumps more blood into the pulmonary blood vessels, than is 

20 removed therefrom by the left ventricle. Such a situation is a signal of the 
left ventricle heart failure (LVHF), which may be caused by various reasons, 
such as: impairment in the filling of the left ventricle (as in mitral stenosis); 
inability of the left ventricle to adequately empty itself during each 
contraction (as in heart failure caused by hypertension, coronary artery 

25 disease, aortic insufficiency or aortic stenosis, etc.). The excess blood may 
accumulate in the lungs even when the output of the left ventricle is normal 
or increased, but it is lagging behind that of the right ventricle, i.e. the left 
ventricle is unable to sufficiently increase its output to clear the lungs. Such 
a case may occur when a patient suffers from fever, anemia, beriberi, 

30 thyrotoxicosis, etc., where normal function of the left ventricle is impared 
by the desease. 
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It is understood that if the SV value measured by the "arm-leg" 
electrode's placement (and predominantly characterizing functions of the left 
ventricle) is substantially less than the normal known SV value for the left 
ventricle, it indicates the left vetricle heart failure (LVHF). Moreover, when 
the SV value measured by the "arm-leg" electrode's placement (and 
predominantly characterizing functions of the left ventricle) is substantially 
lower than the SV value measured by the "arm -arm "electrodes placement, 
this may be an indication of at least one of the following: 

1. Where such a discrepancy is additionally accomplished by 
increasing (above normal) of the IB parameter characterizing 
volume of the extracellular fluids in the individual's body, this 
may be an indication of a lung edema. Thereby, it is often 
possible to early diagnose a lung edema. 

2. Where the IB value is normal, the discrepancy may be indicative 
of the existence of disturbances in the lung blood circulation. 
In accordance with the most preferred embodiment of the above 

described method of examination of left ventricle and right ventricle 
functions, the SV and the IB parameters are calculated according to the 
semi-empiric formulae given in the specification. 
0 According to a second aspect of the invention, there is provided 

a non-invasive medical device for accurately determining at least one 
cardiorespiratory parameter of the human body, said device comprising: 
at least two electrodes, 

electrical body integral bioimpedance measuring unit coupled to the 
15 electrodes and including a high stability amplitude alternative current source 
and an electronic circuit for automatic derivation of an active component of 
said integral bioimpedance; and 

a computer coupled to the electrical integral bioimpedance measuring 
unit and to a display means for calculating and displaying said at least one 
30 cardiorespiratory parameter from the active component of the integral 
bioimpedance. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

In order to understand the invention and to see how the same may 
be carried out in practice, some preferred embodiments will now be 
described, by way of non-limiting example only, with reference to the 
accompanying drawings, in which: 

Fig. 1 is a representation of a number of cardiac cycles during a 
respiratory cycle and the corresponding electrocardiography (ECG) 
measurement for illustrating the averaging method according to the 
invention; 

Fig. 2A is a block diagram showing functionally a measuring system 
according to the invention using two electrodes applied to an individual's 
one arm and one leg, respectively; 

Fig. 2B is a schematic circuit diagram representing the system shown 
in Fig. 2A; 

Figs. 2C, 2D and 2E depict bipolar and tetrapolar modifications of the 
system shown in Fig. 2A; 

Fig. 2F illustrates a measuring system using two (or four) electrodes 
applied to two arms of the individual; 

Fig. 2G illustrates a measuring system using two (or four) electrodes 
20 applied to the individual's legs; 

Fig. 2H illustrates the best mode of electrodes' placement suitable both 
for obtaining the main cardiorespiratory parameters according to the 
invention, and for diagnosing disturbances in the heart right and left 
ventricle functions and in the peripheral blood circulation; 

Fig. 3 is a block diagram showing one embodiment of an electrical 
bioimpedance measuring system according to the invention; and 

Figs. 4A and 4B are a flow chart showing the principal steps in a 
method for using the measuring system according to the invention. 



15 



25 
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Fig. 1 illustrates two curves. The lower curve 2 is a superposition 
of two curves, a curve 4 reflecting resistive changes of the bioimpedance 
caused by the respiration process, and another curve (not shown alone) 
5 representing resistive changes of the bioimpdance resulting from the cariac 
cycles. The upper curve 6 is an ECG curve. The ECG curve may serve for 
the synchronization of the bioimpedance measurement, namely it defines 
time boundaries of cardiac cycles. For calculation of a cardiorespiratory 
parameter according to the mentioned semi-empiric formulae, a number of 
10 readings of the parameter must be obtained for a number of cardiac cycles 
during a single respiratory cycle (for example, three readings in the specific 
illustrative example of curve 2), and then an average of the measured 
readings is to be defined. The readings may be obtained during more than 
one respiratory cycle. Some of the parameters (<5r, a, P) used in the semi- 

15 empiric formula (1) are shown in Fig. 1. 

Figs. 2A and 2B show respectively a block-diagram of a non- 
invasive two-electrode system for automatic express determination of the 
main cardiorespiratory parameters of a patient 10 and an equivalent electrical 
circuit diagram of the patient 10. 
20 Two electrodes 11 are applied to the distal parts of one arm and 

one leg of the individual. A first electrode lla is connected to the distal part 
of the left arm, and a second electrode lib to the distal part of the patient's 
right leg. An electrical integral bioimpedance measuring unit 12 delivers a 
high stability amplitude alternating current through a single channel 13, via 
25 the electrodes 11 to the individual 10. The integral impedance curve of the 
individual 10 is obtained from the same electrodes 11 and is transferred 
through the same single channel 13 to the measuring unit 12, which converts 
the integral impedance curve. The converted working signal is then 
transferred through a second single channel 14 to a computer 15, where 
30 cardiorespiratory parameters of the whole body and parameters concerning 
extracellular fluids of the whole body are calculated using empiric formulae. 
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Personal data characteristic of the individual 10 which is entered 
into the computer 15 via a keyboard (not shown) can also be taken into 
account when calculating the cardiorespiratory parameters. Typically, the 
personal data includes height, weight, age, sex, results of a blood test, 
identification index, etc. An output signal 14 from the electrical integral 
bioimpedance measuring unit 12 is fed to the computer 15 and stored in an 
internal table. Preliminary processing of the raw data is performed so as to 
derive a plethysmography and rheographic curve, on the basis of which the 
respiratory cycle and heart beat complex indices (marks) are determined (the 
beginning of the anacrotic slope, the length of heart complexes' cycle, their 
maximum amplitude, e.g. by locating extremes of the curves, etc.) ( see 
Fig.l). The area section under the initial impedance curve reflecting the 
phases of the fast and slow ejection of the blood during a cardiocycle is used 
for computing the main parameters. Based on this data and the individual's 
personal data, the parameters are determined using empiric formulae, such 
as those described in the present specification. 

The computer 15 may be programmed to calculate a plurality of 
parameters based on the above definition of the Stroke Volume equation (1). 

Some other possible variants of the electrodes configurations are 
20 shown in Figs. 2C to 2G. In each case, either two or four electrodes may 
be connected to the patient. In case of the former, the arrangement reduces 
to the bipolar system described above with reference to Figs. 2A and 2B of 
the drawings. If the electrodes which are shown by dotted lines are also 
connected, then the arrangement yields a tetrapolar scheme in which two of 
the electrodes are active in injecting the current, whilst two of the electrodes 
are passive and measure the resultant signal. 

Calculation of the cardiovascular parameters in this configuration 
needs specific corrections in comparison with hitherto-proposed calculations 
for the four-electrode system. These corrections may require means of 
30 adjusting of the empiric coefficients as defined above. 

Reference is now made to Fig. 2H illustrating the best mode of 
electrodes' placement suitable both for obtaining the main cardiorespiratory 
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parameters according to the invention, and for diagnosing of disturbances in 
the heart right and left ventricle functions and in the periphery blood 
circulation. 

To the distal parts of all the individual's two arms and two legs, 
four electrodes are attached which are marked "a" in the figure, for 
measurement by the bipolar mode. Another pair of current injecting 
electrodes, marked "b", are attached to one arm and one leg of the 
individual, typically the right arm and the right leg. These electrodes which 
are preferably placed, as shown in the figure, in a more peripheral position 
than the "a " electrodes, are used to measure the skin resistance, R s , by the 
combined bipolar/tetrapolar mode described above. Four additional and 
optional electrodes, marked "c" are attached to the shoulders and to the hips 
of the individual, which are used for the purpose of obtaining information 
on the peripheral circulation, the blood circulation in the arms and legs. 
15 This electrode configuration thus allows derivation of a complete set of 
cardiorespiratory parameters, as described above, and also functional 
circulatory parameters, distribution of the extracellular fluid throughout the 
body, and diagnosis of disturbances in the blood circulation and in the heart 
right and left ventricle functions. 
20 " i n addition to the units 12 and 15 mentioned in the description of 

Fig. 2A, there is introduced a multiplexer 16 enabling to perform a so- 
called multi-channel measurement. Such a multi-channel mode allows, for 
example, to select a preferred electrode attachment for further bioimpedance 
measurements on the body of the individual. 
25 Fig . 3 is a block-diagram of an electrical bioimpedance 

measuring system 60 according to the invention. The Bioimpedance 
Measuring Unit is unit 61 in the drawing. It should be noted, that though 
two electrodes 62 and 63 are shown applied to the patient's arm and leg, 
according to the invention they may be applied to any two patient's 
30 extremities, and the block diagram may comprise a multiplexer, as shown 
in Fig. 2H. Two additional ECG electrodes are applied to the arms of the 
patient and connected to an ECG measurement circuit 64. 
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A micro-controller 65 (such as model 80196KC manufactured by 
Intel*) combining the functions of the A/D converter and a microprocessor, 
is provided for processing in real time a curve obtained from the ECG 
circuit 64, together with the curve obtained from the Bioimpedance 
Measuring Unit 61 and being a composition of a direct "R" and an 
alternating "dr" components of an active bioimpedance component. 
Additionally, the micro-controller 65 receives the initial complete 
bioimpedance curve from the Bioimpedance Measuring Unit 61. When 
processing both the initial bioimpedance curve and the curve of the active 
bioimpedance component, the micro-controller 65 and a computer 66 (such 
as a note-book computer) continuously calculate a capacitance of the electric 
circuit of the human body. It should be clarified that, from the electric point 
of view, the human body behaves as an RC (resistance-capacitance) 
impedance. The value of the capacitance of the human body can be 
15 calculated by the formula: 

Z = R - J— 
w C 

and continuously checked. 

An excess of the capacitance over a predetermined threshold, or 
oscillation of the capacitance indicates degradation of the contacts between 
the electrodes and the patient's skin. In such case, an appropriate alarm is 
activated under control of the computer 66. The outputs of the micro- 
controller 65 are connected to the computer 66 via isolation circuits 67 (such 
as opto-isolators MOC 8080, Motorola') providing electrical protection of 
the patient from a random voltage, via a correction circuit 68 (such as the 
driver RS232C) and an appropriate RS232C cable 69. The correction 
circuit 68 and the micro-controller 65 are supplied with electrical voltage 
of +5V from the computer 66. The voltage ±5V from the power supply 70 
is converted to +5V by a DC/DC converter 71. The DC/DC converter 71 
also performs a function of an isolation circuit. The power supply unit 70 
provides the blocks of the instrument 60 with electrical power of ± 5V. 
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Figs. 4A and 4B shows a flow chart diagram of an algorithm of 
measuring of the main cardiorespiratory parameters in accordance with 
which the system functions. 

At step 98 the system is switched on, and, if the measurements 
5 are provided via a multiplexer, one channel ( i.e. a specific electrode 
attachment) is selected for the bioimpedance measurements on the 
individuals body. Such a channel is chosen after performing a number of 
preliminary measurements via different electrode attachments, and each os 
such measurements actually are made according to the flow chart which is 
10 described later on. Step 98 allows to chose a pair of healthy extremities for 
the main session of the measurements and provides information which may 
be useful for diagnostic purposes. 

At step 100 the duration of the monitoring session is chosen. The 
duration of the monitoring session can be defined as a duration of an initial 
15 bioimpedance curve section intended for an averaged calculation of the 
necessary parameters, and can be chosen in the range of about 10 to 30 sec. 

At step 102 a check is performed in order to determine whether 
the information from the Bioimpedance Measurement Unit 61 is obtained on 
the display. If not, the reason should be detected and indicated by at least 
20 one of the following test blocks: 

Block 104 The impedance between electrodes and the skin is not 
stable; 

Block 106 There is no contact in the cable RS232C; 
Block 108 The ECG electrodes contact is poor; 

25 Block 110 A poor contact of the bioimpedance measuring electrodes. 

After overcoming the reason for the malfunction, the cycle should 
be started again (returning to step 102). If no exit command were keyed by 
an operator (block 112), the digital test readings of R (active impedance), 
C (capacitance), and Z (complete impedance) will be displayed in real time 

30 on the display (step 114). 
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When these parameters are stabilized (step 116), the next 
procedure is started wherein the QRS pulse is derived from the ECG curve 
(step 118) for marking the bioimpedance curve. 

Step 120 represents the processes of marking of the bioimpedance curve 
5 by the marks obtained at step 118, further processing of the rheographic informa- 
tion and computing the main cardiorespiratory parameters being based on the 
average data obtained during a respiration cycle. 

If a record of the computed parameters is not aborted at step 122, 
the parameters should be stored in the computer. The parameters in the 
10 system can be computed either in a regime of a single measurement 
(step 124), or in a continuous regime (step 126). 

The computed parameters may be stored in the computer in one 
of the following two ways: the values of the parameters can be either 
entered into a data base of the patient in the computer (step 132), or the 
15 parameters can be written down as a temporary protocol in the computer 
(step 134). At step 130 it is decided whether or not the data base should be 
used for the record of the computed parameters. 

When the single monitoring session is finished, a plurality of the 
computed parameters are indicated on the display (step 136). At step 138 
20 there is defined whether or not to repeat the measurements. The order to 
repeat the measurements can be entered either manually by the operator, or 
automatically, if the continuous regime were chosen. If such an order is 
received, another monitoring session will be started, and additional readings 
of the parameters will be recorded. If the measurements are not to be 
25 repeated, the process will be stopped at step 140. 

It has been shown that the method according to the invention 
comprises applying the electrodes according to either a bipolar or tetrapolar 
system. In either case, a preliminary connection of four electrodes may be 
effected to the respective distal parts of the human extremities, whereafter 
30 the integral impedance is preliminarily measured between each pair of 
electrodes placed on each arm and leg. Determination of the main 
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cardiorespiratory parameters of the human body is made in accordance with 
which pair of electrodes is characterized by the lowest integral impedance. 

In accordance with one embodiment, the method according to the 
invention further includes a computerized calculation of parameters 
concerning extracellular fluids of the patient's body, the calculations being 
based on measurements accomplished at two different current frequencies. 

It should further be noted that the method according to one aspect 
of the invention may be employed for diagnosing some cardiorespiratory and 
blood cifculation diseases, for example for revealing the pathological 
extremities, where arterial blood circulation defects occur or another 
pathological defect takes place. 

Moreover, if both of the upper (or both of the lower) extremities 
are under treatment or have associated therewith pathological defects 
(thrombophlebitis, tremor, oedema), or if the patient needs to be monitored 
15 for a long period of time, or has to have his arms (legs) free for other types 
of treatment or for required physical exercises, other arrangements of the 
electrodes' connection can be effected. 

In the preferred embodiment a plurality of such parameters are 
calculated by said method, including hemodynamic parameters such as 
20 Stroke Volume, Systolic Index, Pulse Rate, Cardiac Output, Heart Index, 
Reserve Index, Total Resistance Index, Index of Tone Stabilization; and 
respiratory parameters such as Rate of Respiration, Index of Respiration 
changes, Index of Respiration Intensiveness, Index of Hemodynamic 
Security; and additional parameters, such as Index of Respiratory Duration 
and Index of Tidal Respiratory Volume. 

In yet a further embodiment, a plurality of parameters character- 
izing extracellular fluids of the human body are calculated, such as Volume 
of Extracellular Fluids of the whole patient's body and Index of Fluid 
Balance of the whole body. 
30 While the present invention has been described with the reference 

to the attached drawings, it should be appreciated, that other embodiments 
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CLAIMS: 

1. A method for determining at least one main cardiorespiratory 

parameter of an individual, comprising the steps of: 

5 attaching at least two electrodes to the body of an individual and 

providing a low impedance contact between the electrodes and a skin of the 
individual, and positioning the electrodes on at least one arm or at least one 
leg and at least another arm or at least another leg of the individual to 
enable current to pass between said at least two electrodes on said at least 

10 one arm or at least one leg to at least another arm or at least another leg of 
the individual; 

passing an alternating current with a stable and constant amplitude 
through said at least two electrodes, 

measuring, while passing said alternating current, a potential change as 
15 the result of the current flow to obtain a measurement of an electrical 
bioimpedance of the body of the individual from a measured potential 
between the said at least two electrodes; 

simultaneously separating an active component of the integral 
bioimpedance from measured said bioimpedance; 
20 calculating the at least one of a cardio parameter and a respiratory 

parameter of the individual from the active component of said bioimpedance, 
using a semi-empiric formula applicable to integral bioimpedance measure- 
ments to obtain a number of values of said at least one parameter for a 
number of cardiac cycles during a respiratory cycle, and calculating an 
25 average of said at least one parameter during a single respiratory cycle; and 
displaying said average of said at least one parameter thus obtained. 
2. The method according to claim 1, wherein said cardiac parameter 

comprises a Stroke Volume (SV) parameter calculated substantially 
according to the following semi-empiric formula applicable to integral 
30 bioimpedance measurements: 
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W - Hct c*x. m . H co n, ^ a + P ... 

Kishape *sex * age) R p 

where: 

Hct corr ^ is a correcting factor depending from hematocrit, being 145 + 
035{Hct - 40); 

Hct is the hematocrit, obtained from analysis of the individual's blood; 
5 K(shape*sex*age) is a coefficient of the individual's body, being: 

5273 -(3.1 * (Actual Age -20)), for men younger than 20 years old; 
527.3, for men from 20 to 40 years old; 

527.3 + (3.1 * (Actual Age -40)), for men older than 40 years old; 
587.6 -(2.9 * (Actual Age -18)), for women younger than 18 years old; 
10 587.6, for women from 18 to 50 years old; 

587.6 + (2.9 * (Actual Age -50)), for women older than 50 years old; 
6r is the amplitude value of the change of the individual's basic body 
resistance R at the anacrotic (systolic) portion of a cardiac cycle; 
R is the individual average basic body resistance during one cardiac cycle; 
15 H corr . is a corrected height of the individual, given by: 



Hcorr + 2) if iSE \S2SBk = 0.66*0.04 

body length 

or 



H corr = - 2) if iBB length = o.54 ± 0.04 

body length 



real 

or 



"err " if 0.62 * u le f ^ * 0.58 

body length 



a + p is duration of a cardiac cycle, being a sum of its anacrotic and 
catacrotic portion; 

P is duration of the catacrotic portion of a cardiac cycle; 
20 Kel is a coefficient depending on ion concentration in the individual's blood 
plasma, calculated based on the blood analysis and being given by: 
a) for an individual exposed to a hemodialysis 
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Kel = sum of the blood concentrations at — +Ca 
b) for other individuals 

Na* 



Kel = blood concentration of 



142 



K w is a weight coefficient, being a ratio Actual wei 8 ht ^ where Ideal weight 

Ideal weight 

being obtained from International Tables of ideal weights; 
IB is an Index Balance, reflecting ratio between the measured volume of 
extracellular fluids and the individual's proper volume of extracellular fluids. 
3. A method according to Claim 2, wherein the Index Balance is 

calculated based on the following formula: 

R 

ind.prop 



measured 



10 

where R measured is the measured resistive component of the 
individual's bioimpedance, not including the individual's skin 
resistance; 

R ind prop is a proper value of the resistive component of the 
15 indivudual's bioimpedance being calculated according to the two following 
formulae: 

0.42 H 2 



0.47 W - 8.30 



for men 



^' 42 H for women 



0.37 W - 4.96 



where H is the individual's height, and 
20 W is the individual's actual weight. 
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4. The method according to claim 1, comprising attaching the 
electrodes to distal parts of the individual's arms and legs. 

5. The method in accordance with claim 1, wherein the method is 
carried out in a bipolar mode, and said attaching step comprises attaching 

5 at least two electrodes to the body of the individual with each electrode 
being used both for said passing current and said measuring step. 

6. The method in accordance with claim 1, carried out in a tetrapolar 
mode, and said attaching step comprises attaching at least four electrodes to 
the body of the individual, of which at least two electrodes are used for said 

10 passing current step, and at least two other different electrodes are used for 
said measuring step. 

7. A method according to Claim 6, comprising attaching two 
electrodes to one arm or leg and two electrodes to another arm or leg, 
passing the current between a first pair of electrodes, each electrode of the 

15 pair being located on a different arm or leg and measuring the potential 
between a second pair of electrodes, different than the first. 

8. The method according to Claim 1, wherein said attaching step 
comprises: 

attaching first basic pair of electrodes to the individual, by attaching 
20 one electrode of said pair on one arm or leg and another electrode of said 
pair on another arm or leg; 

, attaching a pair of auxiliary electrodes by attaching each auxiliary 
electrode to one of the arms or legs to which the basic pair of electrodes are 
attached and positioning the auxiliary electrodes on a more distal portion of 
25 the arms or legs than the basic pair; 

said measuring step comprises: 

measuring impedance comprising a first step in which current is passed 
and potential is measured using the basic pair of electrodes, and a second 
step wherein current is passed through the auxiliary electrodes and potential 
30 measured through the basic electrodes, in a tetrapolar measurement mode; 
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calculating the difference between the potential measured in the first 
step and the potential measured in the second step to calculate resistance of 
the skin of the individual from said difference; 

continuously reducing the resistance of the skin of the individual from 
5 a value of said active component of the bioimpedance of the individual. 
9. A method according to claim 3, further comprising a preliminary 

step of examination of the peripheral blood circulation of the individual, said 
preliminary step including: 

measuring at least one of parameters P, ? u P 2 or P 3 between an 
10 individual's two arms having an "arm -arm "electrode attachment, between 
the individual's arm and leg having an "arm-leg "electrode attachment, and 
between the individual's two legs having a "leg-leg" electrode attachment; 
said parameters being calculated substantially by the following formulae: 

R measured p 

15 

P . IL 

1 R measured 

p - H 2 corr 

2 R measured 

P ~~ a 1 P 

wherein R measured is as defined in Claim 3, and (5r, H, a and ft are 
20 as defined in Claim 2; 

comparing readings obtained in said "leg -leg" electrode attachment to 
the readings obtained in said "arm-arm" and said "arm- leg" electrode 
attachment, and 
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diagnosing peripheral circulatory disturbances at least in one of the 
individual's legs based on difference in readings obtained in the "leg-leg" 
electrode attachment compared to other attachments. 

10. The method according to claim 9, wherein said preliminary step 

5 of examination of the peripheral blood circulation comprises: 

applying a pair of additional electrodes to hips of the individual, 
providing measurements of at least one of the parameters P, P, or P 2 
between a distal part of each leg and a corresponding hip; 

obtaining for each leg values of proper parameters P^, , P, prop or 
10 P 2 P ro P . f° r the individual, calculated according to the following formulae: 

P & H 2 corr ^ a + p 

ind.prop P 



25 



P 

l prop 



P 

2 prop 



6r 



ind.prop 



H z corr 
p 

ind.prop 



wherein R ind . prop . is as defined in Claim 3; 
15 comparing the readings of at least one of the parameters P, P, or P 2 

with the readings of the proper parameters P, ^ or P 2prop for each leg, 
respectively, 

and defining a pathologic leg if the readings related to a leg substan- 
tially differ from the proper parameters, and excluding said pathologic leg 
20 from the electrodes attachment chosen for determining the main cardiorespi- 
ratory parameters. 

11. The method according to Claim 3, comprising applying four 

additional electrodes, one to each of shoulders and hips of the individual, 
and a preliminary step of revealing disturbances in a peripheral blood 
circulation of the individual; said preliminary step including determining of 
at least one of parameters P, P„ or P, between the distal part of each of the 
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arms and legs and the corresponding additional electrode; said parameters 
being calculated substantially by the following formulae: 

D fc H 2 corr a + Q 
P = 6r * - 

R measured P 



p. = 6r 



1 R measured 



p - H 2 corr 



R measured 



wherein R measured is as defined in Claim 5 and <5r, H, are 
as defined in Claim 4; 

obtaining for each arm and leg values of the individual's proper 
parameters P prop , P lprop or P 2pr op> the values calculated substantially according 
10 to the following formulae: 

p =: k H 1<:orr + cmJ3 

prop « Q 

^ind.prop " 



P 

lprop 



P 

2 prop 



br 



ind. prop 



H z corr 

ind. prop 



wherein R ind , prop , is as defined in Claim 5; 

15 comparing at least one of the parameters P, P! or P 2 with a corre- 

sponding proper parameter P prop , P lprop or P 2prop for each arm and leg; 

and defining at least one pathologic arm or leg if the readings of the 
parameters P, Y x or P 2 related to said at least one arm or leg substantially 
differ from the values of the corresponding proper parameters P prop , ? x prop or 

20 P2 P rop> an d excluding said at least one pathologic arm or leg from the 
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electrode attachment chosen for determining the main cardiorespiratory 
parameters. 

12. The method according to Claim 10, wherein the Stroke Volume 
(SV) parameter is measured both for an "arm -arm "electrode attachment, 

5 and for an "arm -leg "electrodes attachment, the two arms and the leg chosen 
for measurement having no disturbance in blood circulation; and wherein the 
two measurements are compared to each other; 

and wherein a left ventricle heart failure is diagnosed where the SV 
value measured in the "arm -arm "electrodes attachment substantially exceeds 
10 the SV value measured in the "arm-leg" electrode attachment. 

13. The method according to claim 11, said step of measuring the 
Stroke Volume (SV) parameter including measuring the Stroke Volume 
(SV) both for the "arm -arm "electrode attachment, and for the "arm-leg" 
electrode attachment, the two arms and the leg chosen for measurement 

15 having no disturbance in blood circulation; comparing the two measurements 

to each other; and wherein 

a left ventricle heart failure is diagnosed where the SV value measured 

in the "arm -arm "electrode aattachment substantially exceeds the SV value 

measured in the "arm -leg "electrode attachment. 
20 14. The method according to Claim 12, further comprising measuring 

of the Index Balance (IB) parameter; 

diagnosing lung edema where the SV value measured in the "arm-arm" 

electrode attachment substantially differs from the SV value measured in the 

"arm -leg "electrode attachment, and the IB parameter is substantially higher 
25 than 1; and 

diagnosing problems in lung blood circulation where the SV value 

measured in the "arm -arm "electrode attachment substantially exceeds the 

SV value measured in the "arm -/^"electrode attachment, and the IB equals 

about 1. 

30 15. A method of diagnosing malfunctions in peripheral blood 

circulation of an individual, comprising: 
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attaching at least four electrodes to the body of an individual and 
providing a low impedance contact between the electrodes and a skin of the 
individual, and positioning the electrodes on the individual's arms and legs 
so as to arrange a first pair of the electrodes applied to the individual's two 
5 arms and forming a so-called "arm-arm "electrode attachment, a second pair 
of the electrodes applied to the individual's two legs and forming a so-called 
"leg -leg" electrode attachment, and a third pair of the electrodes applied to 
a leg and an arm of the individual and forming a so-called "arm-leg" 
electrode attachment; 
10 passing an alternating current with a stable and constant amplitude 

through each of said pairs of the electrodes in sequence, 

measuring, while passing said alternating current, a potential change as 
the result of the current flow to obtain a measurement of an electrical 
bioimpedance of the body of the individual from a measured potential 
15 corresponding to each of said electrode attachments in sequence; 

separating an active component of the bioimpedance from measured 
said bioimpedance during each of the measurements; 

measuring at least one of parameters P, P u P 2 , or P 3 and cardiorespi- 
ratory parameter of the individual for each of the electrode attachments, said 
20 parameters being calculated substantially by the following formulae, the 
calculations being accomplished based on the average data obtained during 
a respiration cycle: 

P = 6r gW * iii 
R measured P 



1 R measured 
25 

p - H 2 corr 

2 R measured 
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P - a + P 



where R measured is the measured resistive component of the 
individual's bioimpedance, not including the individual's skin 
resistance; 

Sr is the amplitude value of the change of the individual's basic 
body resistance R at the anacrotic (systolic) portion of a cardiac 
cycle; 

H corr is a corrected height of the individual, given by: 

"corr - (H rtal + 2) if igf ^ = 0 .66 ± 0.04 

body length 

or 

"corr if ^ = 0.54*0.04 

body length 

or 

*~ - (^) if 0.62 * igg ^ ^ 0.58 

body length 

a + fi is duration of a cardiac cycle, being a sum of its anacrotic 
and catacrotic portion; 
is duration of the catacrotic portion of a cardiac cycle; 

, comparing readings obtained in said "leg -leg" electrode attachment to 
15 the readings obtained in said "arm-arm" and said "arm -leg" electrode 
attachment, and 

diagnosing peripheral circulatory disturbances at least in one of the 
individual's legs based on difference in readings obtained in the "leg-leg" 
electrode attachment compared to other attachments. 
20 16 - The method according to claim 15, further comprising: 

applying a pair of additional electrodes to hips of the individual, 
providing measurements of at least one of the parameters P, P, or P 2 
between a distal part of each leg and a corresponding hip; 



10 



MSDOCIft <WO 9853737A1.L> 



3 



WO 98/53737 PCT/1L97/00174 

- 33 - 

obtaining for each leg values of proper parameters ? pmpcr , P lprop . o f 
?2pxop. for the individual, calculated according to the following formulae: 



P = 6 2?W * «li 

^ind.prop 



prop ~ n o 
^indoroo H 



P 



P 

Iprop 



br 



ind.prop 



H 2 corr 

D 

^ind.prop 



wherein /? (nJ . prop . is a proper value of the resistive component of 

the individual's bioimpedance being calculated according t> 
the two following formulae: 

0.42 H 2 



0.47 W - 8.30 



for men 



0.42 H 2 e 

for women 



0.37 W - 4.96 



10 

where H is the individual's height, and 

W is the individual's actual weight; 
comparing the readings of at least one of the parameters P, V x or P 2 
with the readings of the proper parameters 

Pprop> ^i prop o r ^2prop each leg, 

15 respectively, 

and defining a pathologic leg if the readings related to a leg substan- 
tially differ from the proper parameters. 

17. A method of diagnosing malfunctions in peripheral blood 

circulation of an individual, comprising: 
20 attaching four main electrodes to the distal parts of each of the 

individual's arms and legs and providing a low impedance contact between 
the electrodes and a skin of the individual; 
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applying four additional electrodes, one to each of shoulders and hips 
of the individual; 

passing an alternating current with a stable and constant amplitude via 
each arm and leg in sequence, between a main electrode and an additional 
5 electrode positioned on the same said arm or leg, 

measuring, while passing said alternating current, a potential change as 
the result of the current flow to obtain a measurement of an electrical 
bioimpedance of the corresponding arm or leg; 

separating an active component of the bioimpedance from measured 
10 said bioimpedance during each of the measurements; 

determining of at least one of parameters P, P lf or P 2 between the distal 
part of each of the arms and legs and the corresponding additional electrode; 
said parameters being calculated substantially by the following formulae, the 
calculations being accomplished based on the average data obtained during 
15 a respiration cycle: 

P = br Ul£°IL * g + P 
R measured P 

p, i£_ 

R measured 



p = H z corr 
2 R measured 

where R measured is the measured resistive component of the 
individual's bioimpedance, not including the individual's skin 
resistance; 

6r is the amplitude value of the change of the individual's basic 
body resistance R at the anacrotic (systolic) portion of a cardiac 
cycle; 

Hcorr. is a corrected height of the individual, given by: 
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{H + 2) if le g s Iggg^ = 0.66±0.04 



con- " v. r«j ~ body length 

or 
H 



_ fi/ _ 2 ) if legS len 8*h = 0.54±0.04 
«" v reai body length 

H = (H ,) if 0.62 * legS length 0.58 
"«,n- body length 

a + /? is duration of a cardiac cycle, being a sum of its anacrotic 
and catacrotic portion; 

^ is duration of the catacrotic portion of a cardiac cycle; 

obtaining for each arm and leg values of the individual's proper 
parameters P w P lprop or P 2prop , the values being calculated substantially 
according to the following formulae: 

Pprop . 6 * ^ 

P ^ind.prop P 



1 prop n 

^ind.prop 



3 - H z corr 

2 prop n 

ind.prop 



10 

wherein /? iBi prop . is a proper value of the resistive component of 

the indivudual's bioimpedance being calculated according b 
the two following formulae: 

0.42H 2 



0.47 W - 8.30 



for men 



0.42 H- fof women 



0.37 W - 4.96 
15 

where H is the individual's height, and 
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W is the individual's actual weight; 
comparing at least one of the parameters P, P x or P 2 with a corre- 
sponding proper parameter P w P lprop or P 2prop for each arm and leg; 

and defining at least one pathologic arm or leg if the readings of the 
5 parameters P, P t or P 2 related to said at least one arm or leg substantially 

differ from the values of the corresponding proper parameters P Pj r0 or 
P 

* 2 prop- 

18. A method of diagnosing malfunctions in peripheral blood 

circulation in an arm or leg of an individual, comprising: 
10 attaching one main electrode to the distal part of one arm or leg of the 

individual, one additional electrode to the shoulder or hip of same said arm 
or leg of the individual, and providing a low impedance contact between 
said two electrodes and a skin of the individual; 

•passing an alternating current with a stable and constant amplitude via 
15 said arm or leg, between the main electrode and the additional electrode, 
measuring, while passing said alternating current, a potential change as 
the result of the current flow to obtain a measurement of an electrical 
bioimpedance of said arm or leg; 

separating an active component of the bioimpedance from measured 
20 said bioimpedance during the measurement; 

determining of at least one of parameters P, P„ or P 2 ; said parameters 
being calculated substantially by the following formulae, the calculations 
being accomplished based on the average data obtained during a respiration 
cycle: 



25 



P = 5r Hlcorr * g +P 
R measured Q 



p. - 6r 



R measured 
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p = H 2 corr 



2 j? measured 

where 7? measured is the measured resistive component of the 
individual's bioimpedance, not including the individual's skin 
resistance; 

5 dr is the amplitude value of the change of the individual's basic 

body resistance R at the anacrotic (systolic) portion of a cardiac 
cycle; 

H corn is a corrected height of the individual, given by: 

H corr = (H. + 2) if legS length = 0.66±0.04 

reai body length 

or 

H =(^^-2) if ^gs length = Q S4±Q Q4 

corr k rtQi ' body length 
or 

H = (/T .) if 0.62 * legS length * 0.58 

corr K reai body length 

10 a + /? is duration of a cardiac cycle, being a sum of its anacrotic 

and catacrotic portion; 

/? is duration of the catacrotic portion of a cardiac cycle; 

obtaining for same said arm or leg values of the individual's proper 
15 parameters P prop> P lprop or P 2p rop> the values being calculated substantially 
according to the following formulae: 

D ~ H 2 corr a + P 

prop R o 

ind.prop ^ 



P - 

I prop o 



ind.prop 
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p = H 2 corr 

Iprop p 

ind.prop 



wherein prop _ is a proper value of the resistive component of 

the indivudual's bioimpedance being calculated according t> 
the two following formulae: 

0.42 H 2 



0.47 W - 8.30 



0.42 H 2 
0.37 W - 4.96 



for men 



for women 



where H is the individual's height, and 

W is the individual's actual weight; 
comparing at least one of the parameters P, P x or P 2 with a corre- 
10 sponding proper parameter P prop , ? x prop or P 2prop for said arm or leg; 

diagnosing a malfunction in blood circulation in said arm or leg of the 
individual if the readings of the parameters P, P 2 or P 2 substantially differ 
from the values of the corresponding proper parameters P^, P x or P 2prop . 
19. A method of diagnosing cardiorespiratory diseases of an 

15 individual, comprising: 

attaching at least three electrodes to the body of an individual and 
providing a low impedance contact between the electrodes and a skin of the 
individual, and positioning the electrodes on the individual's arms and legs 
so as to arrange a first pair of the electrodes applied to the individual's two 
20 arms and forming a so-called "arm -arm "electrode attachment, and a second 
pair of the electrodes applied to a leg and an arm of the individual and 
forming a so-called "arm -leg "electrode attachment, the two arms and the 
leg chosen for measurement having no disturbance in blood circulation; 

passing an alternating current with a stable and constant amplitude 
through each of said pairs of the electrodes in sequence, 
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measuring, while passing said alternating current, a potential change as 
the result of the current flow to obtain a measurement of an electrical 
bioimpedance of the body of the individual from a measured potential 
corresponding to each of said electrode attachments in sequence; 
5 separating an active component of the bioimpedance from measured 

said bioimpedance during each of the measurements; 

measuring the Stroke Volume (SV) parameter of the individual both 
for the "arm -arm "electrode attachment, and for the "arm -/eg "electrodes 
attachment from the active component of said respective bioimpedance 
10 measurement, using a semi-empiric formula applicable to integral 
bioimpedance measurements, the calculations being accomplished based on 
the average data obtained during a respiration cycle; 

comparing the two measurements of the SV parameters to each other; 
diagnosing a left ventricle heart failure where the SV value measured 
15 in the "arm-arm "electrodes attachment substantially exceeds the SV value 
measured in the "arm -leg "electrode attachment. 

20. The method according to Claim 19, further comprising measuring 
of an Index Balance (IB) parameter reflecting ratio between the measured 
volume of extracellular fluids and the individual's proper volume of 

20 extracellular fluids; 

diagnosing lung edema where the SV value measured in the "arm-arm" 
electrode attachment substantially differs from the SV value measured in the 
"arm -leg "electrode attachment, and the IB parameter is substantially higher 
than 1; and 

25 diagnosing problems in lung blood circulation where the SV value 

measured in the "arm -arm "electrode attachment substantially exceeds the 
SV value measured in the "arm -/eg "electrode attachment, and the IB equals 
about 1. 

21. The method according to claim 20, wherein the Stroke Volume 
30 (SV) parameter is calculated substantially according to the following semi- 
empiric formula applicable to integral bioimpedance measurements: 
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Hct (\ 

SV = — * 6r — — » * Kel * Kw + IB 

K(shape *sex *age) R P 



where: 

Hct corr is a correcting factor depending from hematocrit, being 145 + 
035(Hct - 40); 

Hct is the hematocrit, obtained from analysis of the individual's blood; 
K(shape*sex*age) is a coefficient of the individual's body, being: 

527.3 -(3.1 * (Actual Age -20)), for men younger than 20 years old; 

527.3, for men from 20 to 40 years old; 

527.3 + (3.1 * (Actual Age -40)), for men older than 40 years old; 
587.6 -(2.9 * (Actual Age -18)), for women younger than 18 years old; 
587.6, for women from 18 to 50 years old; 

587.6 + (2.9 * (Actual Age -50)), for women older than 50 years old; 
5r is the amplitude value of the change of the individual's basic body 
resistance R at the anacrotic (systolic) portion of a cardiac cycle; 
R is the individual average basic body resistance during one cardiac cycle; 
Hcorr. is a corrected height of the individual, given by: 

H corr = iH real + 2) if legS length = 0.66*0.04 

rtaL body length 

or 

H corr =(H reai -2) if le S S length = 0.54±0.04 

reai body length 

or 

^corr - ^ 0-62 * 1CgS length * 0.58 

rad body length 

a + fi is duration of a cardiac cycle, being a sum of its anacrotic and 
catacrotic portion; 
) fi is duration of the catacrotic portion of a cardiac cycle; 

Kel is a coefficient depending on ion concentration in the individual's blood 
plasma, calculated based on the blood analysis and being given by: 
a) for an individual exposed to a hemodialysis 
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Kel = sum of the blood concentrations at ° 

142 + 13 



b) for other individuals 

Ate* 



Kel = blood concentration of 



142' 



K w is a weight coefficient, being a ratio A fj ua j where Ideal weight 

w & Ideal weight 

being obtained from International Tables of ideal weights; 
IB is an Index Balance, reflecting ratio between the measured volume of 
extracellular fluids and the individual's proper volume of extracellular fluids. 
22. A method according to Claim 20, wherein the Index Balance is 

calculated based on the following formula: 

R 

ind. prop 



p 

measured 



10 

where R measured is the measured resistive component of the 
individual's bioimpedance, not including the individual's skin 
resistance; 

Kind prop. is a proper value of the resistive component of the 
15 indivudual's bioimpedance being calculated according to the two following 
formulae: 

0.42 H 2 



0.47 W - 8.30 

0.42 H 2 
0.37 W - 4.96 



for men 



for women 



where H is the individual's height, and 
20 W is the individual's actual weight. 

23. The method according to any one of claims 15, 17, 18, 19, 

wherein said attaching step comprises: 



^DDCin- <WO 9S53737M 1 > 



WO 98/53737 



- 42 - 



PCT71L97/00174 



attaching first basic pair of electrodes to the individual, by attaching 
one electrode of said pair on one arm or leg and another electrode of said 
pair on another arm or leg; 

attaching a pair of auxiliary electrodes by attaching each auxiliary 
electrode to one of the arms or legs to which the basic pair of electrodes are 
attached and positioning the auxiliary electrodes on a more distal portion of 
the arms or legs than the basic pair; 

said measuring step comprises: 

measuring impedance comprising a first step in which current is passed 
and potential is measured using the basic pair of electrodes, and a second 
step wherein current is passed through the auxiliary electrodes and potential 
measured through the basic electrodes, in a tetrapolar measurement mode; 

calculating the difference between the potential measured in the first 
step and the potential measured in the second step to calculate resistance of 
the skin of the individual from said difference; 

continuously reducing the resistance of the skin of the individual from 
a value of said active component of the bioimpedance of the individual. 
24. A non-invasive medical system for accurately determining at least 

one cardiorespiratory parameter of the human body and/or diagnosing of 
cardiorespiratory and blood circulation diseases, said device comprising: 

at least two electrodes, 

anelectrical bioimpedance measuring unit for measuring bioimpedance 
of a human body, coupled to the electrodes and including a high stability 
amplitude alternating current source and an electronic circuit for automatic 
derivation of an active component of said bioimpedance; and 

a computer coupled to the electrical bioimpedance measuring unit for 
calculating an average value of measured parameter parameter of the 
individual, the average value being of a number of values of said parameter 
for a number of cardiac cycles during a respiratory cycle, each parameter 
being calculated from said active component using a semi-empiric formula 
applicable to integral bioimpedance measurements, the computer being 
further coupled to a display for displaying said average value. 
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25. The system according to claim 24, comprising a plurality of 

electrodes for multi channel bioimpedance measurement, said electrodes 
including four basic electrodes applied to the distal parts of arms and legs, 
respectively, of the individual; 
5 a pair of auxiliary electrodes for measuring a skin resistance of the 

individual and being applied to two of arms and legs of the individual and 
positioned more distal than corresponding basic electrodes; 

four additional electrodes located one on each of a hip and a shoulder 
of the individual, and; 
10 automatic multiplexing means for performing said multi-channel 

bioimpedance measurements. 
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